Introduction
For years, clinical practitioners in the field of in vitro fertilization (IVF) have relied on circulating estradiol levels for assessing a patient's response to controlled ovarian stimulation. It was believed that estradiol levels represented undoubtedly the best marker for the quality and maturity of oocytes [1] . However, recent studies have clearly demonstrated that levels of estradiol following hCG administration, whether increasing, unchanged or decreasing, are not in any way correlated with achievement of pregnancy [2, 3] . Moreover, it is ever so evident the ovarian follicular development and oocyte maturation are regulated by a complex steroid hormone-growth factor interactions. more than just hypothalamic-pituitary-ovarian steroids long feedback loops. Follicular microenvironment plays a very important role in the selection of oocytes with the best fertilization and developmental potential. Very recently, it was demonstrated that the human ovary is capable of expressing neurotrophins, such as brain-derived growth factor (BDNF) and neurotrophin-4/5 (NT-4/5), neurotrophin 3 (NT-3), nerve growth factor (NGF), which were once thought to be implied solely in the survival and differentiation of neurons within the central and peripheral nervous systems [4] . In particular, BDNF was isolated, along with the other neurotrophins, within mural and cumulus granulosa cells of human preovulatory follicles [4] . The fact that BDNF is present in follicular fluid of normally cycling women suggests that this neurotrophin could be a physiologic regulator of normal follicle maturation [5] . Furthermore, the Trk B receptor, principal target of BDNF action, was identified in preovulatory human unfertilized oocytes indicating that BDNF may have a role in supporting granulosa cell oocyte communication within the follicle [4] . Indeed BDNF seems to mediate LH and HCG actions in promoting preovulatory oocyte meiotic maturation [6] In vitro mouse studies have provided a direct demonstration that BDNF, like neurotrophin-4/5, has a role in the maturation of the oocyte, promoting extrusion of first polar body [7, 8] . In light of the very particular role of this neurotrophin and of the fact that BDNF easily crosses the blood-brain barrier [9] and can be measured in plasma [10] , we thought it would be insightful to perform serial measurements of this neurotrophin in women undergoing ovarian stimulation for IVF. The aim of the study was to measure circulating BDNF levels before and during the IVF cycle, in parallel with estradiol, in order to verify if assessing this neurotrophin could add any predictive value regarding IVF outcome.
Materials and methods

Subjects
In a prospective observational study, we enrolled 23 consecutive patients undergoing their first IVF cycle between January and November 2006 at the Centre of Reproductive Physiopathology of the Pisa University Hospital. The study was performed in accordance with the guidelines in The Declaration of Helsinki and has been formally approved by the local ethical committee.Informed consent was obtained from all subjects. Mean age of women was 34.8±4.4 years and average body mass index (BMI) was 21.74±2.71. Mean basal FSH levels were 7.92±2.77. Indications for IVF included tubal factor (n=14) severe male factor (n=9). IVF or IVF with intracytoplasmic sperm injection and embryo transfer were performed as appropriate.
Methods
Controlled ovarian stimulation was carried out with two to six ampoules/day, according to basal FSH levels and age, of recombinant FSH (Puregon®, Organon, Italy or Gonal F®, Serono, Italy) after a pretreatment with oral contraceptives. All patients were administered cetrorelix, a GnRH antagonist, according to a personalized regimen, i.e. when the lead follicle reached 14 mm in diameter, to prevent premature ovulation. Recombinant HCG (Ovitrelle®, Serono) was administered when at least 2 follicles reached a mean diameter of 18 mm. After approximately 36 hours, transvaginal follicular aspiration was performed for oocyte retrieval. Blood sampling for BDNF and estradiol was performed for all subjects on day 1 (D1), day 8 (D8), day of HCG administration (DHCG) and day of oocyte retrieval. (DOR) after overnight fasting, between 8 am and 9 am in order to minimize the effects of a possible circadian variation of plasma BDNF concentrations, as previously suggested in the literature [11] . After blood sampling, test tubes were kept on ice and immediately centrifuged at 4°C (2500 g for 15 minutes). Plasma was aliquoted and stored at −80°C until assay. Plasma levels of BDNF were determined with a previously described [10] enzyme-linked immunosorbent assay (ELISA) method (BDNF Emax Immunoassay System, Promega, USA), after appropriate dilution of samples (1:4) using Block & Sample Buffer, according to manufacturer instructions. The sensitivity of the assay, expressed as a minimal amount of BDNF distinguishable from the zero sample with 95% probability was 15.6 pg/ml, and the intra-and interassay coefficients of variation were 6.0% and 8.5%, respectively. The antiserum employed was highly specific, showing less than 3% cross-reactivity with other related neurotrophic factors (nerve growth factor, NT-3 and NT-4) at 100 ng/ml, as specified by the manufacturer.
Estradiol assay
Plasma concentrations of estradiol were determined by specific commercially available radioimmunoassay kits (Radim, Pomezia, Italy). The sensitivity of the assay was 10 pg/ml The intra-and inter-assay coefficients of variation were 2.1% and 4.2%, respectively.
Statistical analysis
Plasma BDNF and estradiol levels are expressed in pg/ml. All data are reported as mean±SD. Data obtained were analyzed by one-way analysis of variance, as appropriate. Statistical significance between IVF cycle days (D1, D8, DHCG, DOR) or between pregnant and nonpregnant patients was calculated by t test. Correlations between BDNF and estradiol values were performed by Pearson's method. A P value of<0.05 was considered statistically significant.
Results
All 23 patients completed the ovarian stimulation cycle, underwent oocyte retrieval and subsequent embryo transfer. Pregnancy rate (i.e. cardiac activity on transvaginal ultrasound per retrieval). was 39,1% in this population. Mean BDNF and estradiol values for D1, D8, DHCG and DOR are represented in Fig. 1 . There was a positive correlation between BDNF and estradiol throughout the stimulation cycle in the group of 23 subjects. Patients were then subdivided in two groups, pregnant (n=9) and nonpregnant (n=14). Mean age was statistically different in the group of pregnant patients with respect to nonpregnant patients. However, comparisons for BMI, number of total rFSH ampoules used, basal FSH levels, number of total retrieved oocytes, number of mature oocytes, number of embryos available for transfer, taking into account that the Italian law allows insemination of a maximum of 3 oocytes, revealed no differences between the two groups ( Table 1) . Percentage of ICSI cycles was 55.5% in the pregnant group and 35.6% in the nonpregnant group. Fertilization rates were 76.3% in the pregnant group and 74.1% in the nonpregnant group. A strong positive correlation between BDNF and estradiol values persisted even after the subdivision in pregnant and nonpregnant patients (Figs. 2 and 3) . In pregnant patients and nonpregnant patients, the values of BDNF, unlike those of estradiol, grew significantly only between D8 and DHCG and remained constant until DOR (Table 2) . No statistical significance was found between DHCG and DOR values for estradiol as well within each of the studied groups. (Table 2) . Between-group comparisons showed no statistically significant differences in both BDNF and estradiol values at D1, D8, DHCG and DOR the IVF cycle. In fact these two circulating factors showed a positive correlation throughout the controlled ovarian stimulation in both women who became pregnant and those who did not. These data are in line with a very recent report [10] on a positive correlation between circulating BDNF and estradiol levels throughout the menstrual cycle in normally cycling fertile women. Studies carried out on hippocampal neurons have shown that there is a strong link between estrogen synthesis and BDNF synthesis [12] . Indeed, it is likely that estrogens can induce the synthesis of BDNF by acting at an estrogen-responsive element on the BDNF gene [13] . This kind of mechanism may apply to the granulosa cells, the main source of BDNF within the ovary, as well. In our series, BDNF increased more slowly with respect to estradiol in the first half of the IVF cycle, reaching significantly higher levels, with respect to baseline, only at DHCG. This may be due to the timing required for estrogen to induce BDNF gene expression [14] . Both estradiol and BDNF plasma concentrations remained constant between DHCG and DOR in both study groups. Therefore, in the second half of the IVF cycle, the patterns of circulating BDNF and estradiol were very similar. In our opinion, it seems that the increase in BDNF plasma concentrations is an exquisitely periovulatory phenomenon, as already evidenced in physiological menstrual cycles [10] . Between-group comparisons showed no statistically significant differences in both BDNF and estradiol values at D1, D8, DHCG and DOR of the IVF cycle For this reason, based on our results, we cannot say that BDNF values have any predictive value in IVF outcome. There are some drawbacks to our study. Firstly, the small number of patients may not allow significant differences in number of total retrieved oocytes, number of mature oocytes, number of embryos available for transfer, to emerge between pregnant and nonpregnant patients. Secondly, pregnant patients were on average 3 years younger and this may explain their better chance in achieving a pregnancy. Finally, it is known that BDNF expression increases under conditions of stress [15] and this may represent a confounding factor in a population of women undergoing IVF that notoriously exhibit higher levels of anxiety due to the treatment itself [16] .
In conclusion, although, based on our findings, BDNF plasma concentrations are not seemingly predictive of IVF outcome, this neurotrophin is obviously highly correlated to estradiol levels and seems to be an important factor especially in the periovulatory period.
